Background: Computed tomography (CT) scans are widely used in managing chronic subdural hematoma (CSDH). Factors that determine early post-operative volume have not been examined. The value of routine early post-operative residual volume have not been evaluated. Our study aims to compare pre-operative and early post-operative CT findings to determine the factors affecting residual hematoma and evaluate if early post-operative CT scans are useful in the management of CSDH. Methods: Forty-three patients who underwent burr hole drainage of unilateral CSDH from August 2006 to January 2013 and had routine post-operative CT scans within 48 hours of surgery were selected. Data regarding age, sex, neurological deficit, Glasgow Coma Scale (GCS), pre-existing medical conditions, use of antiplatelets or anticoagulation, operative time, usage of drains, and number of burr holes were obtained. The pre-operative CSDH volume, CSDH density, and midline shift were measured. Residual volume was calculated from early post-operative CT scans. Clinical outcome was evaluated with Glasgow Outcome Scale (GOS) at the time of discharge. Statistical analysis was performed to look for correlation between the pre-operative factors and residual volume, and the residual volume and GOS. Results: Pre-operative volume was found to correlate significantly with postoperative residual volume. There was no significant correlation between all other pre-operative factors and residual volume. There was also no correlation between residual volume and GOS at discharge. Conclusion: Routine post-operative CT brain for burr hole drainage of CSDH may be unnecessary in view of the good predictive value of pre-operative volume, and also because it is not predictive of the clinical outcome.
INTRODUCTION
Chronic subdural hematoma (CSDH) is a common neurosurgical disorder with an incidence of about 5 per 100,000 per year in the general population. [10] The treatment is usually surgical, and a wide variety of surgical treatments has been proposed including twist drill, burr hole craniostomy, craniotomy, and even embolization of the middle meningeal artery for refractory cases. [15, 7] Despite the range of available treatment options, there remains a substantial risk of recurrence varying from 9 to 33% depending on the series. [11, 12] With the ever-increasing availability of computed tomography (CT), the ease of obtaining a CT scan has increased. The indications for doing an early CT scan are generally for the detection of significant residual hematoma before the delayed development of symptoms, [8] or as part of the routine post-operative management. [14] Previous studies have also shown that the amount of residual hematoma or pneumocephalus is predictive of recurrence. [12] To the best of our knowledge, the factors determining the volume of residual hematoma and brain re-expansion post-drainage have not been previously examined. Similarly, the value of routine early post-operative CT scan to assess residual hematoma has not been previously evaluated.
In this study, we compared the pre-operative and early post-operative CT scan findings to determine the factors predictive of residual hematoma and, hence, the usefulness of early post-operative CT scan in the management of patients after drainage of CSDH.
MATERIALS AND METHODS

Study population and characteristics
During the period between August 2006 and January 2013, the records of 123 consecutive patients who underwent drainage of unilateral CSDH via burr hole drainage were reviewed at the Department of Neurosurgery, Changi General Hospital, Singapore. Ethics approval for the study was obtained from the Centralised Institutional Review Board (CIRB) of Singhealth. Based on the practice of the individual surgeons, a group of patients had routine post-operative CT of the brain within the first 48 h of the operation. The records of these patients were selected for further analysis. In all, there were 43 patients (29 males, 69%) who fulfilled these criteria, and the patients' demographics are summarized in Table 1 .
Clinical data were retrospectively retrieved from the patients' medical records and operative notes. Information regarding the age of the patients, gender, pre-operative neurological deficit and Glasgow Coma Scale (GCS), pre-existing medical conditions, and use of antiplatelet medications or anticoagulation were obtained from their medical records. From their operative notes, the data on operative time, usage of drains, and number of burr holes made were recorded.
Calculation of CT volumes and densities
From the pre-operative CT brain images, the pre-operative volume of subdural hematoma (ml), the density of the CSDH, and midline shift were estimated. The volume of CSDH was calculated based on the XYZ/2 method described by Sucu et al. [13] Briefly, this method involves using the product of the widest (X), longest (Y), and thickest (Z) dimensions, which are not necessarily on the same slice, of the CSDH divided by 2. The thickest dimension was calculated by multiplying the slices on which the hematoma was visible by the slice thickness (5 mm). Using this method, the length and width of the hematoma on the same central slice were not used. It was also shown to have an excellent correlation with the gold standard of computer-assisted volumetric analysis. [13] For calculation of the density of the CSDH, the averaged Hounsfield units (HU) of the widest portion of the CSDH (central slice) on the axial CT scan were measured. The relationship between the Hounsfield unit and the sequential change in density has previously been demonstrated. [4] From the early routine post-operative CT images, the post-operative residual volume of CSDH (ml) was calculated using the same method of XYZ/2 as previously described. All CT scans were performed within 48 h of the surgery.
Outcome assessment
Clinical outcome was evaluated at discharge using the Glasgow Outcome Scale (GOS), and recurrence was assessed based on our hospital electronic records.
Statistical methods
Data are presented as mean ± standard deviation or as percentages of the total number of patients. Data were entered into SPSS (IBM Corporation, Armonk, NY, USA) for analysis. Univariate analysis was performed using the independent sample t-test or Chi-squared test as appropriate. Correlation for our sample was calculated using the Pearson correlation (r) which is a measure of the linear correlation between two variables. The correlation coefficient is a value of −1 to +1 inclusive, where +1 is total positive correlation, 0 is no correlation, and −1 is total negative correlation. The factors used for outcome were entered into a multivariate logistic regression analysis and variables in the final model were selected according to a stepwise method. P < 0.05 was considered statistically significant.
RESULTS
Patient population and mean pre-and post-operative volumes
There were 29 (67.5%) males and 14 (32.5%) females with a mean age of 73 years (±14 years). Twenty (46.5%) patients had left CSDH and 23 (53.5%) patients had right CSDH. The mean pre-operative volume of CSDH was 153 ± 53 ml and the mean post-operative volume of CSDH or residual volume was 60.1 ± 33.1 ml. The mean difference in volumes was 93 ± 48 ml (P < 0.0001). The baseline characteristics of our patients are summarized in Table 1 .
Correlation of residual volume with patient factors
The large majority of the patients had two burr holes (79%); however, this was not significantly associated with a lower mean residual volume in this group of patients (85 ± 42.9 ml, P = 0.88).
Patients who were using antiplatelet or anticoagulation medication pre-operatively (41.8%) had a higher mean residual volume than those who were not on such regular medication (89.2 ± 52.2 and 82.8 ± 38.4 ml, respectively). However, this was not found to be statistically significant (P = 0.646). There was also no correlation between residual volume and the usage of drains (P = 0.332). These results are shown in Table 2 .
The
Pearson correlation coefficients for the continuous variables were calculated for age (r = 0.274, P = 0.075), pre-operative GCS (r = 0.144, P = 0.356), pre-operative midline shift (r = 0.154, P = 0.324), and chronicity (r = 0.154, P = 0.324) [ Figure 1 ]. There was no statistically significant association between these variables and residual volume. The mean length of stay was 21.9 ± 23.6 days. There was no significant correlation between residual volume and length of stay (r = 0.095, P = 0.54). However, the pre-operative volume of CSDH (r = 0485, P = 0.001) was highly significantly associated with the post-operative volume of CSDH. On univariate analysis, it was shown that larger volumes of pre-operative CSDH were associated with a higher residual volume as well.
Correlation of clinical outcome with patient factors
A favorable clinical outcome, GOS of 4-5, was found in 26 patients (60.4%), while 17 (39.5%) patients had poor outcome defined as a GOS of 1-3. Six patients developed post-operative complications including myocardial infarction, [2] wound infection, sepsis from pneumonia, stroke, and epilepsy (13%). There were two deaths (4%) from post-operative myocardial infarction and sepsis from pneumonia. There was no correlation between post-operative volume and presence of complications (P = 0.558). Univariate analysis with the factors number of burr holes, use of antiplatelet or anticoagulation medication, neurological deficit, pre-operative GCS, pre-operative midline shift, and post-operative volume of CSDH was not significant (P > 0.05). The age of patients with good outcome and poor outcome was statistically significant (69 ± 13.0 and 79 ± 12.6 years, respectively; P = 0.017). There was also a difference in chronicity between the groups with good outcome (36.1 HU ± 5.73) and poor outcome (31.9 HU ± 6.9) (P = 0.039). Multivariate analysis with stepwise forward logistic regression showed that age was the only significant factor (P = 0.027).
DISCUSSION
CT brain is one of the most useful diagnostic tests in the management of patients with CSDH. In addition to its role in deciding on the surgical management of the patients, previous studies have investigated the value of pre-operative CT in predicting post-op recurrence, post-op seizures, and clinical outcome. [1, 6, 10] However, there have not been attempts to correlate these pre-operative characteristics with the immediate post-operative brain re-expansion and the relationship between brain re-expansion and clinical outcome. Furthermore, since CT scans are associated with a significant risk of radiation, [6] knowledge of which radiological characteristics could be predictive of brain re-expansion and clinical outcome would help the clinician decide if a post-operative CT scan is necessary in the management of patients with CSDH.
The limitations inherent in our study are the retrospective nature of the study and the lack of a control group. Selection bias was eliminated as patients were selected consecutively and the outcomes of these patients were unknown when they were selected. There were no issues with loss to follow-up as the endpoint selected was GOS at the time of discharge from hospital or after rehabilitation. Performance bias was also eliminated as all the patients were operated on by only two surgeons. The aim of our study was to investigate early CT and its effect on early outcome and management, and hence, we do not have long-term outcome based on residual volumes. Based on previous studies on head trauma, [3, 5] early outcome at or soon after discharge is predictive of long-term outcome. However, we must interpret our study results to mainly indicate that residual volume failed to predict the short-term outcome of the patient on discharge and determination of residual volume had little impact on post-surgical management.
The results of our study show that there is strong positive correlation between pre-operative hematoma volume and total residual post-operative volume. This would suggest that the pre-operative hematoma volume is inversely related to the degree of brain re-expansion. Therefore, a routine post-operative CT brain may be unnecessary to assess brain re-expansion in view of the strong predictive value of pre-operative hematoma volume.
No corresponding relationship between residual post-operative volume and GOS at discharge was found. Based on this observation, we postulate that a lack of brain re-expansion may not necessarily mean a poorer clinical outcome. In our study, multivariate analysis showed that increasing age was the only predictor of poor outcome in our study population.
As CT scans are associated with significant radiation risk [6] and costs, our study indicates that routine early post-operative CT scan provides little additional prognostic information that cannot be obtained from the patient's pre-operative CT or age. Similar to the recent study by Garrett et al. [2] where they retrospectively analyzed the use of CT in all neurosurgical patients, we concur that routine imaging without a change in neurological status would unlikely be helpful in patients after drainage of their CSDH.
However, individual surgeons may still elect to do an early post-op CT for reasons which may include assessment of complications, baseline CT to assess future decrease or increase of residual, and for documentation of surgical results. [9] These factors remain at the discretion of the individual surgeons. In our study, we have shown that for those surgeons who do not routinely order an early post-operative CT, they can confidently continue to do so.
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